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Empirical formulas for the second inverse moment of the photoabsorption cross sections in nuclei
are discussed in J. N. Orce, Phys. Rev. C 91, 064602 (2015). In this Comment I point out that
the experimental values used are systematically too small in heavy nuclei by about 5-10% because
of the neglection of the E1 strength below the neutron threshold. Furthermore, combining recently
deduced values of the polarizability in heavy and total photoabsorption data in light nuclei it is
demonstrated that the mass number dependence of σ−2 is sensitive to the volume and surface
coefficients of the symmetry energy and parameters different to the ones chosen by Orce may be
better suited.
PACS numbers: 21.10.Ky, 25.20.Dc, 25.70.De
In Ref. [1], Orce discusses empirical relations of the
second inverse moment of photabsorption cross sections
(σ−2) in nuclei. The results are based on the compila-
tion of experimental (γ, xn) cross sections by Dietrich
and Berman [2]. The quantity σ−2 is proportional to the
static electric dipole polarizability αD and in practical
units αD (fm
3) ' σ−2 (mb/MeV). There is current inter-
est into the polarizability of nuclei because it has been
shown to be a measure of the neutron skin thickness in
theoretical calculations based on energy density function-
als (EDFs) [3, 4]. Since there is a strong correlation in
EDFs between the neutron skin thickness and the den-
sity dependence of the symmetry energy [5], important
information on the equation of state of neutron matter
can be derived (see Ref. [6] for a recent review).
The two main results of Ref. [1] are a power law for
the mass number (A) dependence
σ−2 = 2.4× 10−3A5/3 mb/MeV, (1)
which holds with a root mean square error of 30% (6%
for A ≥ 60) and the parameterization
σ−2 =
1.8× 10−3A2
A1/3 − 1.27 mb/MeV. (2)
The latter relation takes into account the A depen-
dence of the symmetry energy term (asym) in the Bethe-
Weisza¨cker mass formula
asym(A) = Sv
(
1− κ
A1/3
)
. (3)
leading to
σ−2 =
0.0518A2
Sv(A1/3 − κ) mb/MeV. (4)
Here κ = Ss/Sv, and Ss and Sv denote the surface and
volume coefficients, respectively, and the numerical coef-
ficient is obtained from Migdals approach to the hydro-
dynamical model (cf. Eq. (1) in Ref. [1]). Equation (2)
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was derived using values for Sv and κ from a recent fit of
mass differences between isobaric nuclei [7].
In lighter nuclei, large deviations from relations (1,2)
were observed and explained to result from the restric-
tion of the data to neutron decay channels which often
represent a minor part of the photoabsorption cross sec-
tions only. It is the purpose of this Comment to (i) dis-
cuss the implications of low-energy contributions to σ−2
neglected in the analysis of Ref. [1] and (ii) use total pho-
toabsorption data (also available in light nuclei) for a test
of Eq. (2).
The electric dipole response below the particle thresh-
olds is a subject of current interest. In medium-mass
and heavy nuclei with neutron excess a resonance-like
structure is observed often termed Pgmy Dipole Reso-
nance (PDR) and suggested to result from an oscillation
of the excess neutrons forming a skin against a N ≈ Z
core [8]. Typically, the PDR contribution to the summed
photoabsorption cross section is small, although in ex-
otic neutron-rich nuclei values up to about 5% have been
reported [9, 10]. However, the systematics of the PDR
strength are not well understood [11], mainly because the
results from the most widely used experimental method,
nuclear resonance fluorescence, show large uncertainties
due to unknown branching ratios to excited states.
Recently, a new method to measure the complete E1
response from about 5 to 25 MeV based on relativistic
Coulomb excitation in (p, p′) scattering at very forward
angles has been developed. Application to 208Pb [12]
and 120Sn [13] shows cumulated E1 strengths exhausting
about 1.5% and 2.5%, repectively, of the energy-weighted
sum rule below neutron threshold. Because of the in-
verse energy weighting, the contributions to the polariz-
ability amount to about 6.5% for 208Pb and about 9%
for 120Sn. It can be expected that this low-energy con-
tribution appears in all medium-heavy and heavy nuclei
with neutron excess and depends on the threshold en-
ergy (e.g., Bn = 7.33 MeV for
208Pb and 9.10 MeV
for 120Sn). Comparable amounts of E1 strength below
threshold have been found in 90Zr [14] and 138Ba [15].
In deformed nuclei, the corrections due to E1 strength
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FIG. 1: (Color online). Full Squares: σ−2 data deduced
from relativistic Coulomb excitation experiments for 208Pb
[18], 120Sn [17], and 68Ni [21, 22] and from total photoabsorp-
tion experiments for 40Ca, 27Al, 16O, and 12C [19]. Error bars
are partly smaller than the symbol size. Short-dashed (green)
and long-dashed (blue) lines: Empirical formulas (1) and (2).
Dotted (red) line: Equation (4) using symmetry energy pa-
rameters of Ref. [27]. Dashed-dotted and full black lines: Fit
to Eq. (4) including and excluding the 12C data point.
below the threshold may even be larger because of the
broadening of the GDR [16]. Overall one may expect a
systematic upward correction of the σ−2 values used in
Ref. [1] of the order of 5-10%.
The combination of the data from relativistic Coulomb
excitation with (γ, xn) cross sections allows a precise ex-
traction of the dipole polarizability of 120Sn [17] and
208Pb [18]. Additionally, total photoabsorption data in
light nuclei over a wide energy range are reported in
Ref. [19]. Although natural targets were used in these
measurements, a single isotope is most abundant for each
element. Thus, the results are representative for 12C,
16O, 27Al, and 40Ca. (Note that Ref. [19] also provides
data for 7Li and 9Be but the hydrodynamical picture is
highly questionable and corrections due to the magnetic
polarizability are large [20]) for these very light nuclei).
Magnetic contributions to the σ−2 values have been sep-
arated for 120Sn [13] and 208Pb [12] and can generally be
neglected for A ≥ 12.
This set of data including a recent result for 68Ni [21]
with corrections for unobserved strength [22] is shown in
Fig. 1 as full squares. The value for 40Ca (σ−2 = 2.05(10)
mb/MeV) differs from Table II in Ref. [19] because the
data with very coarse energy binning in the GDR energy
region was replaced by subsequent results with finer en-
ergy steps by the same group [23], cf. Ref. [24]. The data
cover a wide range of mass numbers and thus permit a
test of Eqs. (1) and (2) shown as short-dashed (green)
and long-dashed (blue) lines in Fig. 1, respectively.
The experimental results are systematically larger than
Eq. (1) as expected from the above arguments. The devi-
ation increases towards smaller mass numbers. Equation
(2) leads to similar results for heavy nuclei. The descrip-
tion for lighter masses is improved but still unedersti-
mates the data except for 12C. The numerical coefficents
in Eq. (2) stem from the mass dependence of the sym-
metry energy [Eq. (3)] using the parameters of Ref. [7]
(Sv = 28.3 MeV, κ = 1.27). Similar values have been
reported by Ref. [25]. However, alternative parameters
have been derived e.g. in Refs. [26, 27]. While the value
of Sv is fairly consistent in all models, larger values of κ
are obtained in the latter approaches. The dotted (red)
line in Fig. 1 uses parameters of Ref. [27] (Sv = 27.3
MeV, κ = 1.68) and provides a good description of the
data both in absolute magnitude as well as reproducing
the A dependence with the exception of 12C. An alterna-
tive parameter set (Sv = 24.1 MeV, κ = 0.545) discussed
in Ref. [27] completely fails to describe the data.
One can also perform a free fit to Eq. (4). The re-
sult depends crucially on the inclusion (black solid line)
or exclusion (black dashed-dotted line) of the 12C data
point. In the former case, the results [Sv = 23.5(7) MeV,
κ = 1.41(5), χ2/dof = 5.7] are closer to Eq. (2). The lat-
ter analysis without the 12C result provides a better fit to
the data (χ2/dof = 1.3) with parameters [Sv = 25.6(8)
MeV, κ = 1.66(5)] similar to those of Ref. [27]. These
examples illustrate the importance of studying the exper-
imental systematics of σ−2 (i.e., the polarizability) over a
wide mass range. Despite the limitations of the underly-
ing approach neglecting structure effects one can expect
relevant information on the volume and surface coeffi-
cients and thus the density dependence of the symmetry
energy.
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